The Nlrc4 inflammasome contributes to immunity against intracellular pathogens that express flagellin and type III secretion systems, and activating mutations in NLRC4 cause autoinflammation in patients. Both Naip5 and phosphorylation of Nlrc4 at Ser533 are required for flagellin-induced inflammasome activation, but how these events converge upon inflammasome activation is not known. Here, we showed that Nlrc4 phosphorylation occurs independently of Naip5 detection of flagellin because Naip5 deletion in macrophages abolished caspase-1 activation, interleukin (IL)-1β secretion, and pyroptosis, but not Nlrc4 phosphorylation by cytosolic flagellin of Salmonella Typhimurium and Yersinia enterocolitica. ASC speck formation and caspase-1 expression also were dispensable for Nlrc4 phosphorylation. Interestingly, Helicobacter pylori flagellin triggered robust Nlrc4 phosphorylation, but failed to elicit caspase-1 maturation, IL-1β secretion, and pyroptosis, suggesting that it retained Nlrc4 Ser533 phosphorylatingactivity despite escaping Naip5 detection. In agreement, the flagellin D0 domain was required and sufficient for Nlrc4 phosphorylation, whereas deletion of the S. Typhimurium flagellin carboxy-terminus prevented caspase-1 maturation only. Collectively, this work suggests a biphasic activation mechanism for the Nlrc4 inflammasome in which Ser533 phosphorylation prepares Nlrc4 for subsequent activation by the flagellin sensor Naip5.
The Nlrc4 inflammasome contributes to immunity against intracellular pathogens that express flagellin and type III secretion systems, and activating mutations in NLRC4 cause autoinflammation in patients. Both Naip5 and phosphorylation of Nlrc4 at Ser533 are required for flagellin-induced inflammasome activation, but how these events converge upon inflammasome activation is not known. Here, we showed that Nlrc4 phosphorylation occurs independently of Naip5 detection of flagellin because Naip5 deletion in macrophages abolished caspase-1 activation, interleukin (IL)-1β secretion, and pyroptosis, but not Nlrc4 phosphorylation by cytosolic flagellin of Salmonella Typhimurium and Yersinia enterocolitica. ASC speck formation and caspase-1 expression also were dispensable for Nlrc4 phosphorylation. Interestingly, Helicobacter pylori flagellin triggered robust Nlrc4 phosphorylation, but failed to elicit caspase-1 maturation, IL-1β secretion, and pyroptosis, suggesting that it retained Nlrc4 Ser533 phosphorylatingactivity despite escaping Naip5 detection. In agreement, the flagellin D0 domain was required and sufficient for Nlrc4 phosphorylation, whereas deletion of the S. Typhimurium flagellin carboxy-terminus prevented caspase-1 maturation only. Collectively, this work suggests a biphasic activation mechanism for the Nlrc4 inflammasome in which Ser533 phosphorylation prepares Nlrc4 for subsequent activation by the flagellin sensor Naip5.
NLRC4 | inflammasome | flagellin | caspase-1 | Salmonella I nflammasomes contribute critically to immunity and antimicrobial host defense of mammalian hosts. Their activation is tightly controlled because aberrant inflammasome signaling is harmful to the host, and results in inflammatory diseases (1, 2) . Inflammasomes are a set of cytosolic multiprotein complexes that recruit and activate caspase-1, a key protease that triggers secretion of the inflammatory cytokines interleukin (IL)-1β and IL-18. In addition, caspase-1 induces pyroptosis, a proinflammatory and lytic cell death mode that contributes to pathogen clearance (3, 4) . Several inflammasomes respond to a distinctive set of microbial pathogens (5) . Activating mutations in the nucleotide-binding and oligomerization domain (NOD)-like receptor (NLR) member Nlrc4 were recently shown to induce autoinflammation in patients (6) (7) (8) . Moreover, the inflammasome assembled by Nlrc4 is critically important for clearing a variety of bacterial infections, including Salmonella enterica serovar Typhimurium (S. Typhimurium), Shigella flexneri, Pseudomonas aeruginosa, Burkholderia thailandensis, and Legionella pneumophila (3, (9) (10) (11) (12) (13) (14) (15) (16) (17) . These intracellularly-replicating bacteria have in common that they propel themselves with flagella (18) and/ or express bacterial type III secretion systems (T3SS) to translocate effector proteins into infected host cells (19) . Members of the NLR apoptosis-inhibitory protein (Naip) subfamily recognize the cytosolic presence of the building blocks of these evolutionary conserved bacterial structures, and trigger Nlrc4 to assemble an inflammasome (20) (21) (22) (23) (24) (25) . C57BL/6J mice express four Naip proteins, Naip1, -2, -5, and -6, which are expressed from a multigene cluster located on chromosome 13qD1 (26) . Mouse Naip1 and human NAIP bind T3SS needle proteins, Naip2 interacts with the T3SS basal rod component PrgJ, and Naip5 and Naip6 recognize flagellin (20, (22) (23) (24) (25) .
In addition to these Naip sensors, recent work showed that phosphorylation of Nlrc4 at Ser533 is critical for activation of the Nlrc4 inflammasome following infection with S. Typhimurium and L. pneumophila, or transfection of purified S. Typhimurium flagellin (27) . Reconstitution of immortalized Nlrc4 −/− macrophages with wild-type Nlrc4 restored S. Typhimurium-and L. pneumophila-induced inflammasome activation, whereas cells reconstituted with Nlrc4 S533A mutant were specifically defective in maturation of caspase-1, secretion of IL-1β, assembly of ASC (apoptosis-associated speck-like protein containing a CARD) specks and induction of pyroptosis by these pathogens (27) . However, a central outstanding question is how these upstream events (i.e., bacterial recognition by Naip members and Nlrc4 phosphorylation) relate to each other. Naip binding of bacterial components may trigger Nlrc4 phosphorylation to induce inflammasome activation. Alternatively, Nlrc4 phosphorylation and Naip sensing of flagellin and T3SS may converge independently onto Nlrc4 inflammasome activation.
Here, we approached this question by breeding Nlrc4
Flag/Flag mice that express Nlrc4 fused to a carboxy-terminal 3× Flag tag from both Nlrc4 alleles (27) with Naip5-deficient mice (22, 28) . We found S. Typhimurium infection and cytosolic delivery of S. Typhimurium flagellin, S. Typhimurium PrgJ and Yersinia
Significance
The Nlrc4 inflammasome is critical for clearing bacterial infections and activating mutations in NLRC4 cause autoinflammation in patients. Here, we used genetic and biochemical approaches to show that Nlrc4 Ser533 phosphorylation by flagellin of Salmonella Typhimurium and Yersinia enterocolitica occurs upstream of Naip5 detection of flagellin, ASC speck formation and caspase-1 activation. We further showed that Helicobacter pylori flagellin triggered robust Nlrc4 phosphorylation but failed to elicit caspase-1 activation in agreement with the differential requirement for the Salmonella Typhimurium flagellin D0 domain and the carboxy-terminus for Ser533 phosphorylation and caspase-1 activation, respectively. Collectively, this work suggests a biphasic mechanism for Nlrc4 inflammasome activation in which Ser533 phosphorylation primes Nlrc4 for subsequent activation by Naip5. This article is a PNAS Direct Submission. Flag/Flag BMDMs (Fig. 1A) . However, infection with wild-type S. Typhimurium triggered significant Nlrc4 phosphorylation, which coincided with maturation of procaspase-1 into its catalytic 20-kDa (p20) subunit (Fig. 1A) . The Nlrc4 Ser533P-immunoreactive bands indeed represented phosphorylated Nlrc4 because they were not detected in setups with control agarose beads. Notably, infection with a flagellindeficient mutant (S. Typhimurium ΔfljBΔfliC) also triggered considerable Nlrc4 Ser533 phosphorylation in the absence of robust caspase-1 maturation (Fig. 1A ), in line with the hypothesis that flagellin and the bacterial T3SS both may induce Nlrc4 phosphorylation (27) . The cell-permeable caspase-1 inhibitor Ac-YVAD-cmk inhibited S. Typhimurium-induced caspase-1 maturation, but not Nlrc4 phosphorylation (Fig. 1B) , confirming that the protease activity of caspase-1 was dispensable for Ser533 phosphorylation (27) . To investigate whether physical recruitment of caspase-1 was needed for Nlrc4 Ser533 phosphorylation in S. Typhimurium-infected cells, we bred Nlrc4
Flag/Flag mice to animals lacking expression of caspases 1 and 11 (29, 30) . Expression from a single Nlrc4
Flag allele was sufficient to monitor Nlrc4 Ser533 phosphorylation upon S. Typhimurium infection ( (Fig. 1D) . However, cytosolic flagellin triggered robust Nlrc4 phosphorylation levels (Fig. 1D) . Unlike cytosolic flagellin, extracellular flagellin failed to elicit Nlrc4 Ser533 phosphorylation. Moreover, only cytosolic flagellininduced Nlrc4 phosphorylation was accompanied by caspase-1 maturation. The caspase-1 inhibitor Ac-YVAD-cmk blunted cytosolic flagellin-induced caspase-1 maturation, but not Nlrc4 Ser533 phosphorylation (Fig. 1E) , suggesting that Nlrc4 phosphorylation was upstream of inflammasome activation. In agreement, flagellininduced Nlrc4 phosphorylation proceeded unhampered in Nlrc4 (Fig. 1F) . Together, these results demonstrate that S. Typhimurium-and flagellin-induced Nlrc4 Ser533 phosphorylation occur upstream of caspase-1. In addition, they suggest that robust Nlrc4 Ser533 phosphorylation by S. Typhimurium ΔfljBΔfliC is not sufficient for caspase-1 maturation.
ASC Specks Are Dispensable for S. Typhimurium-and Cytosolic
Flagellin-Induced Nlrc4 Ser533 Phosphorylation. The adaptor protein ASC is dispensable for S. Typhimurium-and flagellininduced pyroptosis, but acts upstream of caspase-1 for its maturation and IL-1β secretion (11, 31, 32) . To address the role of ASC in Nlrc4 Ser533 phosphorylation, we bred Nlrc4
Flag/Flag mice onto ASC-deficient animals (11) . As shown in wild-type BMDMs (32, 33) , S. Typhimurium infection triggered assembly of ASC specks in Nlrc4
Flag/WT BMDMs, and this was abrogated in Nlrc4 Flag/WT ASC −/− macrophages ( Fig. 2A) . ASC specks were predominantly (80%) formed in macrophages that also contained bacteria, although they did not colocalize with intracellular EGFP-expressing S. Typhimurium (Fig. 2 B and C) . Moreover, Nlrc4 colocalized with ASC in the specks (Fig. S3) . SLO-mediated delivery of flagellin also induced ASC specks in Nlrc4
Flag/WT BMDMs, but not in Nlrc4 Flag/WT ASC −/− macrophages ( Fig. 2A) . ASC deletion abolished S. Typhimurium-and SLO+flagellin-induced caspase-1 autoprocessing (Fig. 2 D and E) . However, Nlrc4 Ser533 phosphorylation by S. Typhimurium (Fig.  2D ) and cytosolic flagellin (Fig. 2E ) proceeded unhampered in both Nlrc4
Flag/WT BMDMs and Nlrc4
Flag/WT ASC −/− macrophages, demonstrating that Nlrc4 Ser533 phosphorylation occurred Flag was immunoprecipitated from cell lysates using anti-Flag beads, and NLRC4 Ser533 phosphorylation was analyzed by immunoblotting with NLRC4 phospho-Ser533-specific antibodies. Cell lysates were immunoblotted for caspase-1. Results are representative of at least three independent experiments.
upstream of ASC speck formation, and did not require physical interactions between Nlrc4 and ASC.
Naip5 Is Required for Flagellin-Induced Caspase-1 Activation, but Dispensable for Nlrc4 Ser533 Phosphorylation. Having established that Nlrc4 Ser533 phosphorylation occurs upstream of ASC and caspase-1, we next studied the role of Naip5. Naip5 binds flagellin and is specifically required for flagellin-induced activation of the Nlrc4 inflammasome (20, 23) . As expected, S. Typhimurium infection-induced caspase-1 autoprocessing was severely hampered in macrophages of Nlrc4
Flag/Flag mice that were bred onto Naip5
mice, but Nlrc4 Ser533 phosphorylation was unaffected (Fig. 3A) . S. Typhimurium expresses a T3SS and flagellin, both of which may activate the Nlrc4 inflammasome. We therefore addressed the role of Naip5 upon cytosolic delivery of recombinantly purified flagellin and the T3SS rod protein PrgJ, respectively. Naip5-deficient macrophages failed to induce caspase-1 maturation (Fig. 3B) , IL-1β secretion (Fig. 3C) , and pyroptosis (Fig. 3D) upon SLO-mediated delivery of flagellin in the cytosol. However, cytosolic flagellin elicited normal Nlrc4 Ser533 phosphorylation in Flag was immunoprecipitated from cell lysates and subjected to immunoblotting with NLRC4 phospho-Ser533-specific antibodies, and cell lysates were immunoblotted for caspase-1. (F-H) BMDMs were treated with LFn-PrgJ and anthrax protective antigen (PA). Nlrc4
Flag was immunoprecipitated from cell lysates and subjected to immunoblotting with NLRC4 phospho-Ser533-specific antibodies. Cell lysates were immunoblotted for caspase-1 (F). Pyroptosis induction (G) and IL-1β secretion (H) were assessed. Results are representative of at least three independent experiments.
Nlrc4
Flag/Flag Naip5 −/− macrophages (Fig. 3E) , demonstrating that Naip5 is dispensable for flagellin-induced Nlrc4 Ser533 activation.
PrgJ is specifically detected by Naip2 (20, 23) and anthrax protective antigen (PA)-mediated cytosolic delivery of LFn-PrgJ triggered Nlrc4 Ser533 phosphorylation in both Nlrc4
Flag/Flag and Nlrc4
Flag/Flag Naip5 −/− macrophages (Fig. 3F) . However, Nlrc4
Flag/Flag Naip5 −/− macrophages consistently responded with reduced caspase-1 autoprocessing relative to Nlrc4
Flag/Flag macrophages (Fig. 3F) , although the induction of pyroptosis (Fig.  3G ) and IL-1β secretion (Fig. 3H) were not significantly affected. Nor was inflammasome-independent secretion of IL-6 and TNF affected (Fig. S4) . Reduced caspase-1 maturation in response to intracellular LFn-PrgJ was not due to defective Naip2 expression because mRNA expression of Naip1, -2, and -6 transcripts was intact in Naip5 −/− macrophages (Fig. S5) , which is in agreement with our recent targeted locus amplification analysis of the Naip multigene cluster of C57BL/6J and Naip5 −/− mice (28). This analysis confirmed the selective disruption of Naip5, and revealed the homozygous coselection of a previously undetected single nucleotide polymorphism that causes a Tyr/Asn mutation in Naip2 protein of Naip5 −/− mice that may mildly affect Naip2 function in these mice. Regardless, these results demonstrate that Naip5 is critical for caspase-1 activation by S. Typhimurium flagellin, but dispensable for Nlrc4 Ser533 phosphorylation. In addition, they imply that Naip5-mediated detection of flagellin and flagellin-induced Nlrc4 Ser533 phosphorylation are independent signals that converge upon inflammasome activation.
Yersinia enterocolitica Flagellin Requires Naip5 for Caspase-1 Maturation, IL-1β Secretion, and Pyroptosis Induction, but Not for Nlrc4 Ser533 Phosphorylation. Flagellin of several bacterial pathogens elicit Nlrc4-dependent inflammasome activation (9, 10, 12, 14, 20, 22, 23) , but the induction of Nlrc4 Ser533 phosphorylation has only been demonstrated for S. Typhimurium flagellin (27) . Y. enterocolitica flagellin fused to the anthrax lethal factor amino-terminal domain for PA-assisted cytosolic delivery (LFn-FliC Ye ) was shown to induce Nlrc4-dependent caspase-1 maturation and pyroptosis (20) . We extended these findings by demonstrating that LFn-FliC Ye induced pyroptosis (Fig. 4A) , IL-1β secretion (Fig. 4B) , and caspase-1 maturation (Fig. 4E) in LPS-primed wild-type macrophages, but not in Naip5-deficient cells. As a control, TNF and IL-6 secretion were not affected by Naip5 deletion (Fig. 4 C and D) . However, cytosolic LFn-FliC Ye triggered similar levels of Nlrc4 Ser533 phosphorylation in Nlrc4
Flag/Flag Naip5 −/− macrophages (Fig. 4E) , demonstrating that Y. enterocolitica flagellin does not require Naip5 for Nlrc4 phosphorylation.
Helicobacter pylori Flagellin Induces Nlrc4 Ser533 Phosphorylation in the Absence of Caspase-1 Maturation, IL-18 Secretion, and Pyroptosis.
H. pylori, the primary cause of gastric ulcers and gastritis, expresses a flagellin (H. pylori flaA) that evades detection by the extracellular flagellin receptor TLR5 (34) . However, whether H. pylori flagellin triggers Nlrc4 inflammasome activation is not known. S. Typhimurium flagellin triggered a robust and dosedependent increase in the levels of caspase-1 maturation (Fig.  5A), pyroptosis (Fig. 5B) , and IL-18 secretion (Fig. 5C ) when delivered in the cytosol of wild-type macrophages. We also detected significant Il-1β secretion upon delivery of S. Typhimurium flagellin in the cytosol of LPS-primed Nlrc4
Flag/Flag macrophages (Fig. S6) . However, none of these Nlrc4 inflammasome-dependent responses were observed with cytosolic H. pylori flagellin (Fig. 5  A-C and Fig. S6) . Surprisingly, however, both S. Typhimurium FliC and H. pylori FlaA triggered robust Nlrc4 Ser533 phosphorylation (Fig. 5D) , suggesting that H. pylori flagellin retained Nlrc4 Ser533-phosphorylating activity, while escaping intracellular recognition by Naip5. In addition, these results suggest that TLR5 is dispensable for flagellin-induced Nlrc4 phosphorylation.
The Flagellin D0 Domain Is Sufficient for Flagellin-Induced Nlrc4
Ser533 Phosphorylation and Inflammasome Activation. We next sought to define the flagellin requirements for Nlrc4 Ser533 phosphorylation. S. Typhimurium flagellin is composed of 494 amino acids that assemble into four major structural domains (Fig. 6A) (35, 36) . Flagellin of S. Typhimurium and other pathogens is subject to posttranslational modifications, including N-methylation and glycosylation (37, 38) . However, recombinant S. Typhimurium flagellin produced in 293T cells potently triggered caspase-1 maturation (Fig. 6B) , suggesting that bacteriaspecific posttranslational modifications of flagellin were dispensable for Naip5 detection and Naip5-independent Nlrc4 Ser533 phosphorylation. The amino-and carboxy-terminal regions (amino acids 1-43 and 454-494, respectively) are highly conserved and when recruited in the flagellum, they fold into a coiled-coil motif designated the D0 domain. We produced a number of S. Typhimurium flagellin mutants that were devoid of the entire D0 domain or parts thereof. Deletion of the D0 domain (fliC ) abrogated the ability to induce IL-18 secretion (Fig. 6C), pyroptosis (Fig. 6D) , and caspase-1 processing (Fig. 6E) . As reported (39, 40) , an S. Typhimurium flagellin mutant lacking only the two carboxy-terminal amino acids (fliC ) also failed to activate Naip5-and Nlrc4-dependent 
(E) Nlrc4
Flag was immunoprecipitated from cell lysates and subjected to immunoblotting with NLRC4 phospho-Ser533-specific antibodies. Cell lysates were immunoblotted for caspase-1. Results are representative of at least three independent experiments. Flag was immunoprecipitated from cell lysates and subjected to immunoblotting with NLRC4 phospho-Ser533-specific antibodies. Cell lysates were immunoblotted for caspase-1. Results are representative of at least three independent experiments. inflammasome responses (Fig. 6 C-E) . However, fliC was fully capable of inducing Nlrc4 Ser533 phosphorylation upon its cytosolic delivery (Fig. 6F) , demonstrating that, although critical for Nlrc4 inflammasome activation, the flagellin carboxy-terminus was dispensable for Nlrc4 phosphorylation. In contrast, Nlrc4 phosphorylation by the fliC 43-450 mutant lacking the amino-and carboxy-terminal D0 motifs was markedly diminished (Fig. 6G) , suggesting that Nlrc4 Ser533 phosphorylation was mediated by the FliC D0 domain. In agreement, cytosolic delivery of a flagellin mutant composed solely of the amino-and carboxy-terminal D0 motifs (fliC D0N-D0C ) triggered Nlrc4 Ser533 phosphorylation to levels that were comparable to those induced by full-length fliC (Fig. 6H) . Notably, fliC D0N-D0C also induced caspase-1 autoprocessing, although with reduced efficiency compared with full-length fliC (Fig. 6H) . These results suggest that the D0 domain is sufficient for both Nlrc4 Ser533 phosphorylation and Naip5-dependent inflammasome activation, but additional fliC domains may enhance Naip5 detection of flagellin.
Discussion
Together with the demonstrated roles of both Naip proteins and Nlrc4 Ser533 phosphorylation for inflammasome activation by S. Typhimurium and cytosolic flagellin (20, 23, 27) , the findings presented here support a biphasic activation model of the Nlrc4 inflammasome (Fig. 6I ). In this model, detection of cytosolic flagellin and/or the T3SS rod component PrgJ induces Nlrc4 Ser533 phosphorylation, which primes, but is not sufficient to activate Nlrc4 (Step 1). Nlrc4 inflammasome assembly requires subsequent interaction of Naip5 with the flagellin carboxy-terminus or detection of the T3SS by Naip1/2 (Step 2), which may recruit phosphorylated Nlrc4 to the complex and induce conformational changes in the latter that result in inflammasome assembly and caspase-1 activation. Such two-step regulation of Nlrc4 inflammasome activation may prevent the inadvertent induction of deleterious inflammatory responses, and ensure that initiation of pyroptosis induction and secretion of IL-1β and IL-18 occurs only in infected macrophages. A biphasic activation mechanism is not unique for the Nlrc4 inflammasome. The Nlrp3 inflammasome is generally considered to be controlled by separate priming and activation steps (5) . Moreover, the proposed model clarifies the "closed conformation" of the recently reported crystal structure of phosphorylated Nlrc4 (21) . In agreement with the results presented here, Nlrc4 Ser533 phosphorylation did not result in an "open" conformation that is believed to be required for recruitment of caspase-1 (21) . However, interactions of the Ser533 phosphate group with the carboxy-terminal HD2 and LRR regions may promote Nlrc4 inflammasome assembly under physiological conditions by facilitating the disengagement of the carboxy-terminus from the amino-terminal region of Nlrc4.
In conclusion, we showed here that Nlrc4 Ser533 phosphorylation by flagellin of S. Typhimurium, Y. enterocolitica, and H. pylori occurs independently of Naip5. Moreover, Nlrc4 Ser533 phosphorylation required the S. Typhimurium flagellin D0, whereas deletion of the flagellin carboxy-terminus was sufficient to halt Naip5-dependent caspase-1 activation. Unlike with S. Typhimurium and Y. enterocolitica flagellin, H. pylori-induced Nlrc4 Ser533 phosphorylation was not accompanied by Nlrc4 inflammasome activation. The identification of distinct structural requirements for Naip5-independent Nlrc4 Ser533 phosphorylation and Naip5-mediated inflammasome activation revealed sequential priming and activation steps for activation of the Nlrc4 inflammasome.
Experimental Procedures
Mice. Nlrc4
Flag/Flag (27) , Nlrc4 −/− (11), and ASC −/− (11) mice have been described, and were kindly provided by V. M. Dixit (Genentech, San Francisco). Cell Preparation, Reagents, and Stimulation. Bone marrow-derived macrophages (BMDMs) were generated as described (31) . Cells were seeded in 12-well plates (1 × 10 6 cells per well) and infected with S. Typhimurium or flagellin-deficient S. Typhimurium (ΔfljBΔfliC) at multiplicity of infection (MOI 5) for 60 min. Gentamycin (50 μg/mL, 10131-027, Life Technologies) was added, and cell lysates were prepared 30 min later. In other experiments, recombinant H. pylori flagellin (flaA, HPA-5040, Austral Biologicals), or purified S. Typhimurium flagellin (fliC, 5 μg/mL) produced in E. coli (40) or 293T cells (fliC 293T ) was delivered in the cytosol using streptolysin O (SLO, 25 μg/mL, S5265-25KU, Sigma), as described (17) . In some experiments, cells were pretreated with Ac-YVAD-cmk (50 μM, ALX-260-028-M001, Enzo Life Sciences) for 30 min before S. Typhimurium infection or fliC transfection. Otherwise, cells were treated with anthrax protective antigen (1 μg/mL, List Biologicals) and 1 μg/mL LFn-PrgJ (20) .
Bacteria. EGFP-S. Typhimurium was made by electroporating bacteria cultured in the presence of L(+) arabinose (1.33 mM, A3256, Sigma) with EGFPpBAD (54762, Addgene). 
